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Abstract 

The black tiger shrimp (Penaeus monodon) is an economically important aquatic 

organism in many parts of the world, including Thailand. Shrimp immunity is similar to that in 

other invertebrate organisms, and consists of an innate immunity. Toll or Toll-like receptors 

(TLRs) play an essential role in recognizing the cleaved form of the cytokine Spätzle which is 

processed by a series of proteolytic cascades activated by secreted recognition molecules. In 

this study, I report the first isolation of a full-length Toll receptor from P. monodon. The cloned 

full-length sequence of the PmToll cDNA consists of 4,144 nucleotides containing a 5’-UTR of 

366 nucleotides, a 3’-terminal UTR of 985 nucleotides with a classical polyadenylation signal 

sequence AATAAA and a poly A-tail of 27 nucleotides, and an open reading frame coding for 

931 amino acids. The deduced amino acid sequence of PmToll is a typical type I membrane 

domain protein, characteristic of TLRs’ functional domains. It includes a putative signal peptide, 

an extracellular domain consisting of leucine-rich repeats (LRRs) flanked by cysteine-rich 

motifs, a single-pass transmembrane portion and a cytoplasmic TIR domain. The expression of 

PmToll was investigated in several tissues including gill, haemocyte, heart, hepatopancreas, 

lymphoid organs, muscle, nerve, pleopod, stomach, testis and ovary, expression was detected 

in all tissues. The phylogenetic relationship between the deduced amino acid of PmToll and 

other arthropod Tolls and the analysis suggests that PmToll is closely related to other shrimp 

Tolls especially FcToll. However, further studies elucidating the mechanism of action of Tolls 

will be of benefit in understanding the mechanism of bacterial pathogenesis of this 

economically important aquatic species. 

Keywords : Black teger shrimp, Toll Receptor, Cloning, Express, Phylogenetic 
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����)   Cloning, express and phylogenetic study of a Toll receptor from black tiger shrimp 

 

1. 3`8)�%$7%������#��� 	�����(
����8�
�3`8)� 

 Thailand is the largest frozen shrimp producer and exporter in the world, generating approximately 2 

billion USD annually exports value in 2003. Despite its high commercial impact, shrimp farming industry in 

Thailand has encountered several problems such as the outbreak of several viral diseases. Recently, RNA 

interference (RNAi) is a sequence-specific gene silencing mechanism in eukaryotes, which is believed to 

function as a defense against viruses and transposons, while removing abundant but aberrant nonfunctional 

messenger RNAs. Since RNAi discovery, RNAi has been developed into a widely used technique for 

generating genetic knock-outs and for studying gene function by reverse genetics. Additionally, inhibition of 

virus replication by means of induced RNAi has now been reported for numerous viruses including yellow 

head virus and white spot syndrome virus. The current data on RNAi-mediated inhibition of virus replication 

and discuss the possibilities for the development of RNAi-based antiviral therapeutics. Hence it is possible 

that the mechanism of RNAi could lead to a new route to protect the farm shrimps from viruses by inhibiting 

viral replication. 

 How to turn on RNAi? Usually, RNAi will be activated by any dsRNA. The interaction between 

dsRNA and a host protein in the cell surface can activate both specific and non-specific immune response to 

defense any pathogens that attack host. In case of non-specific immune response, some transcripts or some 

proteins that are involved in innate immune response will be activated to invading pathogens. Whereas 

specific immune response involves RNAi mechanism in which dsRNA will be transferred into the cell using 

dsRNA-binding protein before entering into RNAi pathway. Many previous studies show the RNAi 

mechanism has been found and applied to study in gene function and to inhibit viral replication in penaeid 

shrimp. In higher eukaryote, Toll-like receptors (TLRs) play a fundamental role in the recognition of bacteria 

fungi and viruses. TLRs harbor leucine-rich repeats (LRRs) in the extracellular portion, and a Toll/IL1 

receptor (TIR) domain in the cytoplasmic portion. The TIR domain of TLRs shows high similarity with the 

cytolasmic region of the IL-1 receptor family. Recent accumulating evidence has demonstrated that TIR 

domain-containing adaptors, such as MyD88, TIRAP, and TRIF, modulate TLR signaling pathways. Thus, 

TIR domain-containing adaptors provide specificity of TLR signaling. The discovery of a series of TIR-

containing adapters revealed that there are differences in the signal transduction pathways of individual 

TLRs, which might induce different effector responses that are specific to each TLR, as well as redundant 
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responses that are conserved in all TLRs. One of the effector's functions is to produce IFN-�, which is 

mediated by a TRIF-dependent pathway in TLR3 and TLR4 signaling, thus implying roles of TLRs for the 

detection of virus infection and the induction of appropriate anti-viral responses. Moreover, Toll-like receptor 

3 has been also identified as a receptor for any double-stranded RNA. Hence, it is possible that the Toll-like 

receptor involves in the binding of dsRNA activating the mechanism of RNAi that lead to a new route to 

control any transcripts or proteins that involve in signaling and/or immune response. This project is aimed at 

identification of a Toll-like receptor protein that activates RNAi mechanism (dsRNA injection in shrimp) and 

will, therefore, lead to understanding in dsRNA-host interaction. 

2. ���/�3��
��! 

Molecular cloning, tissue distribution and phylogenetic study of Toll receptor from Penaeus monodon 

 

3. ��*�$���#,$�#��� 

3.1 Cloning of Toll-like receptor from penaeid shrimp 

 3.1.1 Cloning of cDNA Toll receptor from penaeid shrimp and phylogenetic study 

 Total RNA from lymphoid organ of penaeid shrimp was isolated using standard RNA extraction 

method. The mRNA transcripts were converted into cDNA by reverse transcriptase using Oligo-dT link with 

adaptor. The cDNA was used as the template for PCR amplification by using degenerated primers designed 

from the conserved domain (IL1-like domain) and adaptor primer that containing restriction site. The desired 

PCR products were cloned into pGEM-T Easy plasmid. After screening by rapid-size screening method, the 

correct recombinant clones were subjected for DNA sequencing. The plasmid harboring the corrected 

sequence was used as template to design other primer for amplifying the full-length cDNA of TLR. The full-

length cDNA was used to study in Phylogenetic tree.  

3.2 Tissue distribution of Toll receptor from penaeid shrimp 

To investigate the tissue distribution of PmToll, total RNA was extracted from gill, haemocyte, heart, 

hepatopancreas, lymphoid organ, muscle, nerve, pleopod, stomach, testis and ovary and one microgram of 

RNA from each tissue was used to produce first-strand cDNA with an oligo dT primer. The first-strand cDNA 

was used directly as a template in subsequent multiplex-PCR to amplify the PmToll gene. 

 

4. 	��������*�#������
�������� 
 3~%$7 1 2����� 6 *�9
�	�� : ���� cDNA Toll receptor ���
���  

 3~%$7 1 2����� 6 *�9
�)��� : ���� cDNA-full length �
� Toll receptor (TLR) 

 3~%$7 2 2����� 9 *�9
�	�� : ���� cDNA-full length �
� Toll receptor (TLR) 	�� ��������	
��

��
� 

TLR 

 3~%$7 2 2����� 3 *�9
�)��� : �����(��
(��%�-�)(� 	��%�����*�$�� manuscript *+97
�$+#(+!��2����
��
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Introduction 

 Thailand is the largest frozen shrimp producer and exporter in the world. However, the outbreak of 

several disease pathogens especially viral disease is a major problem in shrimp farming industry. Three 

penaeid viruses have been identified as causing very high mortality rates, namely yellow head virus (YHV) 

white spot syndrome virus (WSSV) and Taura syndrome virus (TSV) (Assavalapsakul 2007). 

 Innate immunity is common to all metazoans and serves as a first-line defence. Its hallmarks are 

the recognition of microorganisms by germline-encoded, non-rearranging receptors, and rapid effector 

mechanisms that involve phagocytosis, activation of proteolytic cascades and synthesis of potent 

antimicrobial peptides (Hoffmann 2003). The innate immune system is of crucial importance in host defense 

against pathogens of invertebrates. The non-self-recognizing immune response cascade is triggered by 

receptors that recognize pathogen-associated molecular patterns (PAMPs), such as lipopolysaccharides, 

peptidoglycans and mannans, through pattern recognition receptors (PRRs). Upon recognition these 

receptors activate signal transduction pathways leading to the translocation of transcription factors to the 

nucleus and eventually control the expression of immune response genes. Depending on the pathway used 

the response will either be the activation of haemocytes (cellular response) or the production of antimicrobial 

peptides (humoral response) (Arts et al., 2007). Recent studies have revealed that insects and mammals 

conserve a signaling pathway of the innate immune system through cell-surface receptors called Tolls and 

Toll-like receptors (TLRs) (Inamori et al., 2004). 

 

TLRs harbor leucine-rich repeats (LRRs) in the extracellular portion, and a Toll/IL1 receptor (TIR) 

domain in the cytoplasmic portion (Figure 1) (Kawai et al., 2005). The TIR domain of TLRs shows high 

similarity with the cytolasmic region of the IL-1 receptor family (Takeda et al 2004b). Recent accumulating 

evidence has demonstrated that TIR domain-containing adaptors, such as MyD88, TIRAP, and TRIF, 

modulate TLR signaling pathways. MyD88 is essential for the induction of inflammatory cytokines triggered 

by all TLRs. TIRAP is specifically involved in the MyD88-dependent pathway via TLR2 and TLR4, whereas 

TRIF is implicated in the TLR3- and TLR4-mediated MyD88-independent pathway. Thus, TIR domain-

containing adaptors provide specificity of TLR signaling. (Takeda et al., 2004a). The discovery of a series of 

TIR-containing adapters revealed that there are differences in the signal transduction pathways of individual 

TLRs, which might induce different effector responses that are specific to each TLR, as well as redundant 

responses that are conserved in all TLRs. One of the effector's functions is to produce IFN-�, which is 

mediated by a TRIF-dependent pathway in TLR3 and TLR4 signaling, thus implying roles of TLRs for the 

detection of virus infection and the induction of appropriate anti-viral responses (Figure 2).  
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Figure 1. Structure and ligands for Toll-like receptors (TLRs). dsRNA, double-stranded RNA; LPS, 

lipopolysaccharide; TIR, Toll/interleukin-1 receptor (Kawai et al., 2005) 

 

 
 

Figure 2. Schematic representation of Toll-like receptor (TLR) signaling pathways. All TLRs except for TLR3 

are thought to share the MyD88-dependent pathway that activates NF-�B and mitogen-activated protein 

(MAP) kinases, leading to the induction of inflammatory cytokine genes. Interleukin-1 receptor-associated 

kinases (IRAKs) and TRAF6 are located downstream of MyD88. TIRAP is involved in the MyD88-dependent 

pathway downstream of TLR2 and TLR4. TRIF is utilized in the TLR3-mediated and TLR4-mediated 

activation of interferon regulatory factor (IRF) 3 and the subsequent induction of IRF3-dependent gene 

expression such as interferon-� (IFN-�). TRAM is specifically involved in the activation of IRF3 in TLR4 

signaling. The complex of TBK1/I�B kinase-i (IKK-i) is responsible for the activation of IRF3 downstream of 

TRIF in TLR3 and TLR4 signaling. TRAF6 is also involved in the TRIF-dependent activation of NF-�B and 

MAP kinases. Receptor-interacting protein (RIP) mediates TRIF-dependent NF-�B activation. DD, death 

domain (Kawai et al., 2005). 
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Expression of human TLR3 in the double-stranded RNA (dsRNA)-non-responsive cell line 293 

confers enhanced activation of NF-�B in response to dsRNA. In addition, TLR3-deficient mice are impaired in 

their response to dsRNA (Alexopoulou et al., 2001). Additionally, TLR3 contributes directly to the immune 

response of respiratory epithelial cells to influenza A virus and dsRNA (Guillot et al., 2005). dsRNA is 

produced by most viruses during their replication and induces the synthesis of type I interferons (IFN-a/b), 

which exert anti-viral and immunostimulatory activities. Thus, TLR3 is implicated in the recognition of dsRNA 

and viruses (Takeda et al., 2005) 

 Since its discovery, RNAi has been developed into a widely used technique for generating genetic 

knock-down and for studying gene function by reverse genetics. Additionally, inhibition of virus replication by 

means of induced RNAi has now been reported for numerous viruses, including several important shrimp 

pathogens such as yellow head virus (Tirasophon et al., 2005, 2007, Yodmuang et al., 2006) and white spot 

syndrome virus (Kim et al., 2007, Robalino et al., 2005, 2007, Westenberg et al., 2005, Xu et al., 2007). The 

current data on RNAi-mediated inhibition of virus replication has opened up the possibilities for the 

development of RNAi-based antiviral therapeutics. RNAi mechanism involves in many functional proteins that 

up- or down- regulated after activated-RNAi mechanism, it is possible that the mechanism of RNAi could 

lead to control any transcripts or proteins that involve in signaling and/or immune response. However, 

dsRNA-host interaction (in shrimp) still does not have reported that including in any receptor was not 

identified for dsRNA binding and no expression profiles were studied in shrimp after activated-RNAi 

mechanism. 

 Hence, it is possible that the mechanism of RNAi could lead to a new route to control any 

transcripts or proteins that involve in signaling and/or immune response. Then, this project is to identify a 

Toll-like receptor protein that activated RNAi mechanism (dsRNA injection in shrimp). Therefore, this study is 

lead to understanding in dsRNA-host interaction. 

 

Materials and Methods 

 

Shrimp Culture 

Healthy juvenile P. monodon (8-10 g in weight) were purchased from a commercial farm in the 

domestic area and reared in a sea water tank system with a salinity of 10 parts per thousand (ppt) at 25-28 
oC for 7 days. 

 

RNA extraction 

Total RNA was extracted from various tissues using TRIzol-Reagent (Invitrogen, USA) following the 

manufacture’s protocol. The RNA concentration and its quality were determined (A260) and monitored 

(A260/A280 ratio > 1.8) by using NanoDrop 1000 spectrophotometer. 
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cDNA Cloning of PmToll 

To synthesize the first-strand cDNAs, five micrograms of total RNA was subjected to reverse 

transcription using the M-MLV Reverse Transcription System (Fermentas, USA) according to the supplied 

procedure with PRT primer (Table 1). PCR was performed using the cDNA prepared as above which 

amplifies the initial sequence using the Toll RDW and PM1 primers (Table 1). Having isolated this partial 

PmToll sequence, the entire sequence was obtained using 5�-RACE-PCR with the gene-specific primers 

shown in Table 1. All PCR reactions were performed using 1X Taq Buffer with (NH4)2SO4, 2.5 mM MgCl2, 

2 mM each dNTPs, 2.5 U of Taq polymerase (Fermentas), 0.2 �M of each primer and 2 �l of template 

cDNA. The PCR conditions comprised 94 °C for 3 min followed by 35 cycles of 94 °C for 30 s, 50-55 °C for 

30 s and 72 °C for 1.5 min, followed by an extension of 72 °C for 10 min. The products were cloned into the 

pGEM-T Easy vector and transformed into E. coli DH5�. Recombinant plasmids were extracted using a 

QIAprep Spin Miniprep Kit (QIAGEN) and sequenced commercially using the BigDye® Terminator v3.1 cycle 

sequencing kit (1st BASE sequencing unit, Malaysia). 
 

Table 1. Primers used to amplify the full-length PmToll sequence of P. monodon 

 

Name  Sequence (5�-->3�) 
3� RACE primers 

PmT RDW-F TGCCTTCACTACCGCGACTGG 

PM1 primer CCGGAATTCAAGCTTCTAGAGGATCCTT 

PRT primer CCGGAATTCAAGCTTCTAGAGGATCCTTTTTTTTTTTTTTTTTT 

 

5� RACE primers 

PmT Pm-F-1 AGTGTACCTGAAGACCTCTT 

PmT GSP1-R AGCCTGGGAGTGAGCTGC 

PmT GSP2-R GAGTTCTTCCAAGCTCCTGAGATC 

PmT GSP3-R GCCTATTTGTGATGTCACTC 

PM1 primer CCGGAATTCAAGCTTCTAGAGGATCCTT 

PRC primer CGGAATTCAAGCTTCTAGAGGATCCTTGGGGGGGGGGGGGGGG 

 

  

Tissue distribution of shrimp beta actin and PmToll 

PmActin F GACTCGTACGTGGGCGACGAGG 

PmActin R AGCAGCGGTGGTCATCTCCTGCTC 

PmToll F  GTCCAATCAGTTGGAGCTGC 

PmToll R  GAAATCGAGCGTCTTCACATGC 
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Sequence Analysis and phylogenetic tree 

Nucleotide sequence and deduced amino acid sequence comparisons were carried out using the 

BLAST algorithm at NCBI GenBank database. Sequence alignments were performed using AlignX (Vector 

NTI). The signal peptide was predicted using the SignalP 3.0 program (Bendtsen et al., 2004). Potential N-

linked glycosylation sites were predicted by the NetNGlyc 1.0 program (http://www.cbs.dtu.dk/services/). The 

simple modular architecture research tool (SMART) (Letunic et al., 2009) was used to analyze the deduced 

amino acid sequence. Phylogenetic and molecular evolutionary analyses of the predicted amino acid 

sequences of different Tolls were conducted using the neighbor-joining method and were drawn using MEGA 

version 4 (Tamura et al., 2007). The nucleotide sequence and deduced amino acid sequence of PmToll 

were submitted to GenBank (GenBank ID: GU014556 and ADK55066) 

 

Tissue distribution of PmToll gene 

To investigate the tissue distribution of PmToll, total RNA was extracted from gill, haemocyte, heart, 

hepatopancreas, lymphoid organ, muscle, nerve, pleopod, stomach, testis and ovary and one microgram of 

RNA from each tissue was used to produce first-strand cDNA with an oligo dT primer. The first-strand cDNA 

was used directly as a template in subsequent multiplex-PCR to amplify the PmToll gene and shrimp beta 

actin (internal control) by using the PmToll F and PmToll R primers and actin F and actin R primers, 

respectively (Table 1). The temperature profile for PCR conditions was as follows; 94 °C for 2 min, 

denaturation at 94 °C for 30 s, annealing at 55 °C for 30 s, and extension at 72 °C for 30 s. After 30 cycles, 

the reaction was held at 72 °C for another 10 min. 

 

Results and discussion 

In this study, we report the first isolation of a full-length Toll receptor from P. monodon (Figure 3). 

The cloned full-length sequence of the PmToll cDNA consists of 4,144 nucleotides containing a 5’-UTR of 

366 nucleotides, a 3’-terminal UTR of 985 nucleotides with a classical polyadenylation signal sequence 

(AATAAA) and a poly A-tail of 27 nucleotides, and an open reading frame coding for 931 amino acids. The 

deduced amino acid sequence of PmToll is a typical type I membrane domain protein, characteristic of 

TLRs’ functional domains. It includes a putative signal peptide (residues 1-19), an extracellular domain 

(residues 133-706) consisting of leucine-rich repeats (LRRs) flanked by cysteine-rich motifs, a single-pass 

transmembrane portion (residues 713-735) and a cytoplasmic TIR domain (residues 766-904). Twelve 

potential N-linked glycosylation sites, which were predicted by NetNGlyc 1.0 are located in the ectodomain. 

Finally, many structural features are conserved in the regions that flank the LRRs, including all of 18 

cysteine residues in the LRR-CT and LRR-NT regions, and the sequence NPXXC(N/D)C in the two LRR-CT 

regions of PmToll.  
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1     GGG GGG GGT CGT GGT TTT TAG TCA GAG GAA AGT GTT GAC GTG CGT GCG CGT AAT AAT AAT ACC CAA CAC TAT CAT ACA TCG GGT TAC AGC  90 
91    GCT TCA CTC TGT ATT TTG GAG ACA AGT TGA TGA AAA TCA TAT GTT TAT TTT TTG TGA ATT GAA ACA GTG CAA TTA GAG TGA AAG GCC GTG  180 
181   GAA TAT TAC CAT GTT CTC TGC CTT GTG GAG TGG CGA GTG CAT CAG AGT CGC TGT CAA GTG TCT GTG TCA GGC TGA ACG TCA AAC TCT CGA  270 
271   CAT CCA GCA CCC AAA TTG ACG GGT GTG TGA AGG AGC TGC GAT GGT GCG TCC TGT GAA GCC CGA AGC GGA ACC CAG CTG ATC CCG GCA AGC  360 
361   GTC CCT ATG ATG AGC CCA TGG ATG GTC CTG CCC GCC TTC CTG CTA TGG GGG TGG GCG GCG GGC GGG GTC ACA CTT TCT CTG TCT TGT GGG  450 
1 M   M   S   P   W   M   V   L   P   A   F   L   L   W   G   W   A   A   G G   V   T   L   S   L   S   C   G    28 
451   CGT TGT GAA GGA GGG CCT GAC GGG TAC ACG TGC CCC AGC TCA GAT AGT GCC CAG GCG TAT GTG CTC AGG GCA CTG CCA GAT CAG GTT CTC  540 
29     R   C   E   G   G   P   D   G   Y   T   C   P   S   S   D   S   A   Q   A   Y   V   L   R   A   L   P   D   Q   V   L  58 
541   CGC GTG GAG TGT CGC AAC AAT GTG GGG GAC TTT TCG CTG TTG AAG GAC TGT AAT TTC ACC ACA TTC AGA CAG TTT GAG TTT GAG AGA TGC  630 
59     R   V   E   C   R   N   N   V   G   D   F   S   L   L   K   D   C   N   F   T   T   F   R   Q   F   E   F   E   R   C  88 
631   CCA CTG CCC GAC GTG TCG TTT GGC GAG GTA TTC CGG AGG ATA GGA GTG CCA AGT GGT GAT GTG AAG TCC CTC AGC TTC ACG GCA GGC TCC  720 
89     P   L   P   D   V   S   F   G   E   V   F   R   R   I   G   V   P   S   G   D   V   K   S   L   S   F   T   A   G   S  118 
721   TGG AAT GCT TCC TCG GGT CTG CAA GAA TGG CAC TTG GAC TCC CTC ACA AAC CTG CAA ACG CTG CAG CTG GTT GAC AAC AAC TCC GCT TCC  810 
119    W   N   A   S   S   G   L   Q   E   W   H   L   D   S   L   T   N   L   Q   T   L   Q   L   V   D   N   N   S   A   S  148 
811   TTC CCT CCT GCT CTG CTG ACG AAT ACT CCC AAA CTG GAG TTC TTT AGA TTT ATA GGA AAT CGG GTG GGC AGT CTC CCG CAC ACC ATG TTT  900 
149    F   P   P   A   L   L   T   N   T   P   K   L   E   F   F   R   F   I   G   N   R   V   G   S   L   P   H   T   M   F  178 
901   GCA AGC ACA CCG AAT CTC GTC ATG GCT GAG CTC GGG GAC AAC GGA CTC ACC AGT GTA CCT GAA GAC CTC TTC GCC AAC CTC ACA AAG CTG  990 
179    A   S   T   P   N   L   V   M   A   E   L   G   D   N   G   L   T   S   V   P   E   D   L   F   A   N   L   T   K   L  208 
991   CTC AAT GTT AGT CTC TGG AAC AAC CAG TTG ACC GAT ATA CAA AGA AGC TTA TTT TCA GAC ATC ACA GGA CTC AGA TTT CTA GAC CTG AGA  1080 
209    L   N   V   S   L   W   N   N   Q   L   T   D   I   Q   R   S   L   F   S   D   I   T   G   L   R   F   L   D   L   R  238 
1081  GAC AAC TTC TTG AGT GAC ATC ACA AAT AGG CAA TTC CAA GGA ATG AAA ATA CTA AAA AGA CTC AAC CTT GGA GGA AAC AGA ATC AGC AAT  1170 
239    D   N   F   L   S   D   I   T   N   R   Q   F   Q   G   M   K   I   L   K   R   L   N   L   G   G   N   R   I   S   N  268 
1171  TTA AAC AAG GAT TCG TTT GGG GAT CTC AGG AGC TTG GAA GAA CTC GAG CTT CAT TCG AAC TGG CTT GAA AAC TTA CCC ACA GGC ATC TTT  1260 
269    L   N   K   D   S   F   G   D   L   R   S   L   E   E   L   E   L   H   S   N   W   L   E   N   L   P   T   G   I   F  298 
1261  GAA AAC CAG AGG CTG ATG CAG AAA CTG ATC CTG AGA AAC AAC AGT TTG AGT AAA TTG CCA GAC AGA ATA TTC CAA AAA TGC GAA TCC TTA  1350 
299    E   N   Q   R   L   M   Q   K   L   I   L   R   N   N   S   L   S   K   L   P   D   R   I   F   Q   K   C   E   S   L  328 
1351  AAA ATG CTT GAT CTG AGC GTC AAT AAT TTG CAG TAC ATT GAA AGA TCA CAG CTT CCC ACT CCT AAA ACT TCT CTA ACA TAT CTC AAT TTA  1440 
329    K   M   L   D   L   S   V   N   N   L   Q   Y   I   E   R   S   Q   L   P   T   P   K   T   S   L   T   Y   L   N   L  358 
1441  GGA AGC AAC AAT ATA TCA TTA CCT GAA GAC TAT ATA AGT GAC AGT GGG GCC CAG TTT ATC CCT TAT GAC TTC CCT CTG TCC AAT CAG TTG  1530 
359    G   S   N   N   I   S   L   P   E   D   Y   I   S   D   S   G   A   Q   F   I   P   Y   D   F   P   L   S   N   Q   L  388 
1531  GAG CTG CAA CAC ATT TTC CTA GAC AAC AAC AGG ATC AAC CAT ATT CCC TCT TCA TTT AAC AAT TTG TTT GTT GAT CTG AAA ACC ATT GAC  1620 
389    E   L   Q   H   I   F   L   D   N   N   R   I   N   H   I   P   S   S   F   N   N   L   F   V   D   L   K   T   I   D  418 
1621  CTT TCC GGG AAT TTG ATC AGT TAC TTG GAT TTT CCC CCC ATA CAC TTC ATC TCA GAT GGT GTC AAA CTG AAC TTG AAA AAT AAC CTA ATA  1710 
419    L   S   G   N   L   I   S   Y   L   D   F   P   P   I   H   F   I   S   D   G   V   K   L   N   L   K   N   N   L   I  448 
1711  AAG GCA ATC AGT CTA CGT CAG TTG AAG TTT TGG CCG ATT AAG GAA AAA ATC AAG AAC GTG ACA TTG TCA CTT GAG GGA AAT CCA CTT GTT  1800 
449    K   A   I   S   L   R   Q   L   K   F   W   P   I   K   E   K   I   K   N   V   T   L   S   L   E   G   N   P   L   V  478 
1801  TGT AAC TGT TTA CTT TAC ATA TTT GCA AAG ATT GTT CAG GAA AAG TCA GAA TTA CTT AGT AAA AGC TCA TTT CAG GTC TTA ATT GAT GAT  1890 
479    C   N   C   L   L   Y   I   F   A   K   I   V   Q   E   K   S   E   L   L   S   K   S   S   F   Q   V   L   I   D   D  508 
1891  GCT GAT AAA GTA ACA TGT ATC AGC TTA GAA AAC AGG AAA ATG CAT GTG AAG ACG CTC GAT TTC AAA ATG CTG ACA TGC GAA CTG GAA CAA  1980 
509    A   D   K   V   T   C   I   S   L   E   N   R   K   M   H   V   K   T   L   D   F   K   M   L   T   C   E   L   E   Q  538 
1981  TGT TTG GAC AAT TGT ACT TGC TCA TGG CGC CCA CAT GAT GAG ATG TTC ATT GTA GAC TGT TCT TTT AAA GAT ATG AAG GAA ATT CCC ATG  2070 
539    C   L   D   N   C   T   C   S   W   R   P   H   D   E   M   F   I   V   D   C   S   F   K   D   M   K   E   I   P   M  568 
2071  CCA AGC AAG GAC ATA TAT AAC CTC AAA AAC TAT TCC GTA ACA CTA AAC CTG ATG AAC AAC AGC ATT GCA AAC TTT GAT GGC CTC GAC CAT  2160 
569    P   S   K   D   I   Y   N   L   K   N   Y   S   V   T   L   N   L   M   N   N   S   I   A   N   F   D   G   L   D   H  598 
2161  CCC TTT TAC ACC AAA TTA GCT AAC CTG ACC ATT CCC TAC AAC AAA ATC TCC CAC ATC AAC GAG TCA GAC CTT CCA GAC AAC TTA AAA GTC  2250 
599    P   F   Y   T   K   L   A   N   L   T   I   P   Y   N   K   I   S   H   I   N   E   S   D   L   P   D   N   L   K   V  628 
2251  CTG GAC GTG CGA GGG AAC AAC CTG ACT TTC TTA TCA GCC ACT ACT CTT GAC TAC CTC AAT GTC ACA GAC ATG ACT CTT AGC CTT GGA GAC  2340 
629    L   D   V   R   G   N   N   L   T   F   L   S   A   T   T   L   D   Y   L   N   V   T   D   M   T   L   S   L   G   D  658 
2341  AAC CCC TGG ACT TGC AAT TGC GAC ATG ATT GAC TTC TTC ACC TTT CTG CAA GTC CCC GAG AGA AAG GTA CTG GAC TCC AAC AAC ATT AAG  2430 
659    N   P   W   T   C   N   C   D   M   I   D   F   F   T   F   L   Q   V   P   E   R   K   V   L   D   S   N   N   I   K  688 
2431  TGT GCC AGT GAT GGT GAG GAG CTG TTA AGC ATC AAT GAG TAT ACC ATC TGT CCA TCC TTC AGA CAA CCC ATG GTT ATT GTG ACA ATC GTG  2520 
689    C   A   S   D   G   E   E   L   L   S   I   N   E   Y   T   I   C   P   S   F   R   Q   P   M   V   I   V   T   I   V    718 
2521  CTC ATC ACA GTT TTC CTT CTC CTG TTT GCT GTT CTT GGT ACA ATG AGC TTC TAT AAA TAC AAG CAA GGC ATC AAA GTG TGG TTG TTT ACA  2610 
719    L   I   T   V   F   L   L   L   F   A   V   L   G   T   M   S   F   Y   K   Y   K   Q   G   I   K   V   W   L   F   T    748 
2611  CAT CGT ATG TGT CTT TGG GCC ATA ACA GAG GAC GAA TTA GAT GCT GAC AAG AAA TAT GAT GCC TTC ATC AGC TAT TCT CAC AAG GAT GAA  2700 
749    H   R   M   C   L   W   A   I   T   E   D   E   L   D   A   D   K   K   Y   D   A   F   I   S   Y   S   H   K   D   E    778 
2701  GAG TTT GTC AAC ACA GTC TTG GTG CCA GGA CTG GAG TCG GGC GAC CCC AAG TAC CGC ATT TGC CTT CAC TAC CGC GAC TGG ATT CCA GGA  2790 
779    E   F   V   N   T   V   L   V   P   G   L   E   S   G   D   P   K   Y   R   I   C   L   H   Y   R   D   W   I   P   G    808 
2791  GAA TAC ATC CAA AAC CAG ATC TTG CAG AGT GTA GAG GAC AGC CGT CGA ACT ATT GTG GTG CTT TCA TCG AAT TTC ATT GAG AGT GTG TGG  2880 
809    E   Y   I   Q   N   Q   I   L   Q   S   V   E   D   S   R   R   T   I   V   V   L   S   S   N   F   I   E   S   V   W    838 
2881  GGC CAG CTG GAG TTC AAG GCA GCT CAC TCC CAG GCT CTG CAG GAC AGA ACT AAC AGG ATT ATA GTC ATT GTG TAT GGC CAG GTA CCT CCC  2970 
839    G   Q   L   E   F   K   A   A   H   S   Q   A   L   Q   D   R   T   N   R   I   I   V   I   V   Y   G   Q   V   P   P    868 
2971  GAG AGT GAG CTG GAC GAG AAG TTA CGG CTG TAC ATC TCT ATG AAG ACT TAT GTG AAG TGG GGA GAT GCA AAG TTT TGG GAA AAG CTT CGG  3060 
869    E   S   E   L   D   E   K   L   R   L   Y   I   S   M   K   T   Y   V   K   W   G   D   A   K   F   W   E   K   L   R    898 
3061  TAT ATC ATG CCA CAC CCA CAA GAA CTT ATA CAG AAA AAA CAG CAA AAG TGC AAA AAT GCA GAT AAG CTT GAA CTT GTC AAG TCA AAC TCG  3150 
899    Y   I   M   P   H   P   Q   E   L   I   Q   K   K   Q   Q   K   C   K   N   A   D   K   L   E   L   V   K   S   N   S    928 
3151  AAA AGT GTA TAA CGC CAG TTT AAG CAA AAC TTT TTT GTG CAT GCG AGT AAC TTG ACT ACA GTC TTC AAC AGT GAT GAC TCA AAG GTG TTC  3240 
929    K   S   V   *  931 
3241  CAG ATA TGA AAA TAG ATT TAT ATA TTG ACA GAT AAA TAT ATA TAT TTA TTT AGA AAA TTA TAT GGA CTA TTC CCA ACA GTT CCT CAG ATA  3330 
3331  GTG GGA ATG TGG ATA TAA ATG TTG TAT GCA GCT AAA TTT GTT ACA ACA TTG AGT GTA CTA CTG GTT GTA CTT TTG CCA CTT GGC TGT GAC  3420 
3421  CTA TTT TAT AAC CAG GTG CAT ATG TAT ATA GCA GGT TTA TGA ATA TGT ATA TCA TTC ACC TTT CAT TTT CAT CTA CAA CTG AAA TGC CAT  3510 
3511  TCA TCA ATC ATT TTT CAT TAG TAT GAT GGT CTT GTA TCG TTT AAG ATA TTT TTA TGG TAA ACA ACT GGA ATT TTG TAC AAG AGA ATG GAA  3600 
3601  AAA AGC AAA TCA TTT TGT CCA AAA GAT TAA TAT TTT ACA CTT GAA TTT TTA CGG TGC TTT CAT CAT CCA ATA TAC ATA CAG TGC AGT GCA  3690 
3691  GTC AAA TTT AAA AGT TGG TGC TTC TGT TTC AGC TTT TTG ATA CTG GGA CTT GCA TAG GTG GTG CTG AGT AAA TAG CTG CTT GAA ACT AAT  3780 
3781  TTT CTG ATT ATG ACT TTT TTA AGA AGT GTG AAA GCG CTG GTC TGC AAG AGC TGT GGT CAG TAG ATT AGA AAA GTC TGA AAT GGT ACA AGT  3870 
3871  TAT TGG TAT GGT ATC CAG GAT AAG TAA CTC TTA AAA GAA TGA GCT TGC AAA TTT CTT GAT AGC GGG AGC AAG GGA GCA ACC CAA TGC TCG  3960 
3961  ATA GAT AGA AGT GGA AAA TGT TGG AGA ACA ATC CCA TTC AAT AAA TGC TTT TAT GGC TTT CAT CAA GGC TTC CAG TAT TAT CCA AGC AAG  4050 
4051  GGA CCA GTG TAT GAC TTT TCT GTA ATA TGG GCA GGA CCA TTA TAT CTG AAT AAA TAA TGA AAG ACT TAA AAA AAA AAA AAA AAA AAA AAA  4140 
4141  AAA A  4144 

 

Figure 3. The full-length cDNA sequence and deduced amino acid sequence of PmToll from P. monodon. The 

result of amino acid sequence is coded with one-letter underneath the nucleotide sequence. The predicted signal 

peptide is italicized. The potential N-liked glycosyaltion sites in the extracellular domain are shown in boxes. The 

transmembrane region is underlined with a dotted line, while the TIR domain is underlined with a continuous line.
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The prevailing LRR consensus sequence in TLRs is the 24-residue motif of x-L-x-x-L-x-L-x-x-N-x-�-x-x-�-

x-x-x-x-F-x-x-L-x (Bell et al., 2003), where x refers to any amino acid, � is any hydrophobic residue, L and F are 

frequently replaced by other hydrophobic residues. Alignment of LRRs in PmToll (Figure 4) reveals that 14 tandem 

LRR repeats exist in PmToll, whereas only 8 LRRs were predicted by the SMART program (Figure 5). All of the 

LRRs contain the conserved asparagine residue at position 10, while highly conserved leucine residues were found 

at positions 2, 5 and 7 of each LRR. In addition, an insertion of seven residues was identified in LRR-10.  

Moreover, alignment of the TIR domain of PmToll protein with other shrimp and arthropod Toll proteins showed a 

similar structure (Figure 6).  The expression of PmToll was investigated in several tissues including gill, haemocyte, 

heart, hepatopancreas, lymphoid organs, muscle, nerve, pleopod, stomach, testis and ovary, expression was 

detected in all tissues using multiplex RT-PCR, although an apparently low level of expression was observed in 

hepatopancreas (Figure 7). 

Consensus XL XXLXLXXN    X XX     XXXXFXX LX Position 

LRR1  NL QTLQLVDN    NSASF    PPALLTN TP 135-158 
LRR2  KL EFFRFIGN    RVGSL    PHTMFAS TP 159-182 
LRR3  NL VMAELGDN    GLTSV    PEDLFAN LT 183-206 
LRR4  KL LNVSLWNN       QLTDI    QRSLFSD IT 207-230 
LRR5  GL RFLDLRDN       FLSDI    TNRQFQG MK 231-254 
LRR6  IL KRLNLGGN       RISNL    NKDSFGD LR 255-278 
LRR7  SL EELELHSN       WLENL    PTGIFEN QR 279-302 
LRR8  LM QKLILRNN       SLSKL    PDRIFQK CE 303-326 
LRR9  SL KMLDLSVN       NLQYI    ERSQLPT PK 327-350 
LRR10  SL TYLNLGSNNISLPEDYISDS    -GAQFIP YD 352-381 
LRR11  EL    QHIFLDNN       RINHI    -PSSFNN LF 389-411 
LRR12  DL KTIDLSGN       LISYL    DFPPIHF IS 413-436 
LRR13  GV    -KLNLKNN       LIKAI  SLRQLKFWP IK 438-462 
LRR14  NL    KVLDVRGN       NLTFL    SATTLDY LN 625-648 

Figure 4. Alignment of leucine-rich repeats (LRRs) in PmToll. LRRs of PmToll are aligned with the 24-residue 

prevailing LRR consensus sequence of TLRs (Bell et al., 2003). X refers to any amino acid,  is any hydrophobic 

residue, and L and F are frequently replaced by other hydrophobic residues. Residues that are conserved with the 

consensus sequence are shaded in grey. 

.

Figure 5. Schematic diagram of PmToll protein predicted by the SMART program. The ectodomain of PmTolls 

consists of SP, LRR, LRR-CT and LRR-NT. TM is the transmembrane region. The cytosolic domain consists of the 

TIR/IL1 domain.  Abbreviations: SP, signal peptide; LRR, leucine rich reperat; LRR-CT, leucine rich repeat C-

terminal domain; LRR-NT, leucine rich repeat N-terminal domain and TIR, Toll/Interleukiin-1R domain. 
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                    *        20         *        40         *        60         *        80
AaToll1  : LYDAFISYSHKDEEFITEHLVPTLEKEPMNFKTCWHVRDWMPGELIPT----QIAKSVEDSRRTIVVLSTNFLESVWGRM :  76 
AaToll1b : QFDAFISYSHHDEDFVANHLVPTLEQPPMNFRTCWHVRDWTPGELITE----QMTRSISESRRTIVVLSKGFLESVWARM :  76 
AgToll   : LYDAFVSYSHKDEAFITEHLVPTLERDPMNFKLCWHVRDWTPGEMISS----QISSSVEQSRRTIIVLSSSFLESLWGQL :  76 
AgToll6  : LYDAYITYSLQDEHFVSQILTSTLEN-DIGFRLCLHYRDLNANAYLAD----TIVEAVESSKRAILVLSKSFLYNEWTRF :  75 
AgToll9  : HYDVFVSYSNADRSWVLDHLLPNMEG-VSQINLCLHERDFEVGYGILEN----IISCMDRSRCLMLIVSESFLLSHWCQF :  75 
AmToll   : LYDAFISYSHKDEDFVVNELVPKLENGPKPFKLCLHFRDWLAGEWIPT----QIARSVEESRRTIVVLSPNFLESVWGRM :  76 
Bm18w    : LYDAYVCYSPKDEESVVQSLVNELENGNPSYHLCLHYRDIPHHGAQYMQCAPPDVETAEASKRIIIVLTRNFMQTEWSRY :  80 
DmToll   : KFDAFISYSHKDQSFIEDYLVPQLEHGPQKFQLCVHERDWLVGGHIPE----NIMRSVADSRRTIIVLSQNFIKSEWARL :  76 
Dm18w    : LYDAIILHSEKDYEFVCRNIAAELEHGRPPFRLCIQQRDLPPQASHLQ-----LVEGARASRKIILVLTRNLLATEWNRI :  75 
DmToll3  : RFDAFLAFTHKDEALLE-EFVDRLERGRPRFQLCFYLRDWLAGESIPD----CIGQSIKDSRRIIVLMTENFMNSTWGRL :  75 
DmToll4  : KYDAFLSFTHKDEDLIE-EFVDRLENGRHKFRLCFYLRDWLVGESIPD----CINQSVKGSRRIIILMTKNFLKSTWGRL :  75 
DmToll5  : TYDAFISYSHKDEELIS-KLLPKLESGPHPFRLCLHDRDWLVGDCIPE----QIVRTVDDSKRVIIVLSQHFIDSVWARM :  75 
DmToll6  : PNDAYFAYSLQDEHFVNQILAQTLEN-DIGYRLCLHYRDVNINAYITD----ALIEAAESAKQFVLVLSKNFLYNEWSRF :  75 
DmToll7  : LYDAVLLHSAKDSEFVCQHLAAQLETGRPPLRVCLQHRDLAHDATHYQ-----LLEATRVSRRVVILLTRNFLQTEWARC :  75 
DmToll8  : LFDAFVSYSSKDELFVNEELAPMLEMGEHRYKLCLHQRDFPVGGYLPET----IVQAIDSSRRTIMVVSENFIKSEWCRF :  76 
DmToll9  : VYDIFISYCQNDRTWVLNELLPNVEE-TGDVSICLHERDFQIGVTILDN----IISCMDRSYSLMLIISSKFLLSHWCQF :  75 
MsToll   : PYDAFVSFAHEDEELVMEQLAARLESGSRPYRLCLHYRDWAPGEWIPA----QIAASVRASRRTVAVVSAHYLQSGWALA :  76 
TcToll   : IYDAFISYSHKDEDFVTQNLLPVLEGGPQPYKLCLHYRNWIPGEFITT----QVTNSVLESRRTLVVLSPNFLESVWGKM :  76 
TtToll   : LYDAFISYCSSDSEIAVNILK-ELETKEPYFKLCIHDRDWLAGNAISS----NIIYSIQNSKRIILILSKDFVESAWFHI :  75 
FcToll   : KYDAFISYSHKDEEFVNTVLVPGLESGDPKYRICLHYRDWIPGEYIQN----QIMQSVEDSRRTIVVLSSNFIESVWGQL :  76 
LvToll   : KYDAFISYSHKDEEFVNTVLVSGLESGNPKYRICLHYRDWIPGEYIQN----QILQSVEDSRRTIVVLSSNFIESVWGQL :  76 
MjToll   : KYDAFISYSDKVEEFVNTVLVPGLESGDPKYKVCLHYRDWLPGAYIQQ----QINQSVEASRRTIVVLSSNFIENVWGHL :  76 
MjToll2  : KYDAFISYSHKDEEFVNTVLVPGLESGDPKYRICLHYRDWIPGEYIQN----QILQSVEDSRRTIVVLSSNFIESVWGQL :  76 
PmToll   : KYDAFISYSHKDEEFVNTVLVPGLESGDPKYRICLHYRDWIPGEYIQN----QILQSVEDSRRTIVVLSSNFIESVWGQL :  76 
             da       d           6E        C h R1                     s   6 663   6   W
                    *       100         *       120         *       140         *
AaToll1  : EFRTAHLTSMEEKRARVIVIIYGDIGS-IEDLDPELKAYLKMN--TYVKWGD------QWFWDKLRYAMPHP : 139 
AaToll1b : EFRTAHLNSIAERRSRVIVILYEHFGD-IEQLDADLKAYLRTN--TYIRWGD------PWFWDRLQYAMPHA : 139 
AgToll   : EFRTAHLQSMAERRNRLIIIIYGDIGN-IYDLEPELRAYLHTN--TYVRWGD------PWFWDKLRFAMPHP : 139 
AgToll6  : EFKGAIHEVLK-RRRKLIIILYGDLP--QRDLDADMRLYLRTN--TCIEWDD------KKFWQKLRIALPHV : 136 
AgToll9  : EMHLAQHRLLETRRDELILVLLEDIPR--RKCPKTLSYLLKTK--TYIKWPTKSVHEQALFWKRLHKTLLTS : 143 
AmToll   : EFRVAHCQALSERRSKVILILYDEIGP-INNLDPELKAYMSMN--TYVKWGD------PWFWDKLRYALPHA : 139 
Bm18w    : EFRQGLHEALKGCIYKLVLIEECSVVA-DAMCDPDLRPYLKTG--SRLRWGQ------KGFWERLRYIMPDS : 143 
DmToll   : EFRAAHRSALNEGRSRIIVIIYSDIGD-VEKLDEELKAYLKMN--TYLKWGD------PWFWDKLRFALPHR : 139 
Dm18w    : EFRNAFHESLRGLAQKLVIIEETSVSA-EAEDVAELSPYLKSVPSNRLLTCD------RYFWEKLRYAIPIE : 140 
DmToll3  : EFRLALHATSRDRCKRLIVVLYPNVKN-FDSLDSELRTYMAFN--TYLERSH------PNFWNKLIYSMPLL : 138 
DmToll4  : EFRLALHATSRDRCKRLIVVLYPDVEH-FDDLDSELRAYMVLN--TYLDRNN------PNFWNKLMYSMPHA : 138 
DmToll5  : EFRIAYQATLQDKRKRIIIILYRELEH-MNGIDSELRAYLKLN--TYLKWGD------PLFWSKLYYAMPHN : 138 
DmToll6  : EYKSALHELVK-RRKRVVFILYGDLP--QRDIDMDMRHYLRTS--TCIEWDD------KKFWQKLRLALPLP : 136 
DmToll7  : ELRRSVHDALRGRPQKLVIIEEPEVAF-EAESDIELLPYLKTSAVHRIRRSD------RHFWEKLRYALPVD : 140 
DmToll8  : EFKSAHQSVLRDRRRRLIVIVLGEVPQ--KELDPDLRLYLKTN--TYLQWGD------KLFWQKLRFALPDV : 138 
DmToll9  : EMYLAQHRIFEVSKEHLILVFLEDIPR--RKRPKTLQYLMDVK--TYIKWPT-AKEDRKLFWKRLKRSLEVI : 142 
MsToll   : EIREATAASLQEGMPRLIIVLLDETDRLMLDIDPELHAYVRNN--TYVRWHD------PWFWEKLKQALPPP : 140 
TcToll   : EFRTAHTQAMTEGRARVIIVLYGDVD--VDSLDDELKTYLKTN--TYVKWGD------PYFWNKLKYALPHT : 138 
TtToll   : EFHAAHYQTLEDKVNRLIVVVINNLPP-KDSLDKDLQYLLSTK--TYLLWKE------RWFWEKLRYAMPHR : 138 
FcToll   : EFKAAHSQALQDRTNRIIVIVYGQVPP-ESELDEKLRLYISMK--TYVKWGD------AKFWEKLRYIMPHP : 139 
LvToll   : EFKAAHSQALQDRTNRIIVIVYGQVPP-ESELDEKLRLYISMK--TYVKWGD------AKFWEKLRYIMPHP : 139 
MjToll   : EFKTAHYQALKDRHNRIIVIVLGEVPP-ENELDEELKLYLSTR--TYLQFGD------PKFWEKLRYAMPHP : 139 
MjToll2  : EFKAAHSQALQDRTNRIIVIVYGQVPP-ESELDEKLRLYISMK--TYVKWGD------AKFWEKLRYIMPHP : 139 
PmToll   : EFKAAHSQALQDRTNRIIVIVYGQVPP-ESELDEKLRLYISMK--TYVKWGD------AKFWEKLRYIMPHP : 139 
           2   a           66 6            d  6  y6       6            FW  L   6p

Figure 6.  Alignment of TIR domains of Arthropoda Tolls. 

 

Figure 7. Tissue expression profile of PmToll using multiplex RT-PCR detection. Abbreviations are Hae, 

Haemocyte; Hrt, Heart; Hep, Hepatopancreas; Lym, Lymphoid organ; Mus, Muscle; Nrv, Nerve; Ple, Pleopod; Sto, 

Stomach; Tes, Testis and Ova, Ovary. 
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Figure 8. Phylogenetic tree of arthropod TLRs. All full-length amino acid sequences of TLR from Arthropod 

sequences (Table 2) were aligned and the phylogenetic tree was constructed by using the Bootstrap NJ 

method with using the program MEGA4.02. The reliability of each branch was tested by 1000 bootstrap 

replications. Numbers at the branch nodes indicated bootstrap values. The scale bar indicates a branch 

length of 0.1 amino acid sequence. 

 

The phylogenetic relationship between the deduced amino acid of PmToll and other arthropod 

Tolls is shown in Figure 8, and the analysis suggests that PmToll is closely related to other shrimp Tolls 

especially FcToll. Moreover, shrimp Toll proteins are more closely related to DmToll5, DmToll3 and 

DmToll4 than to other DmTolls. In F. chinensis, expression of FcToll in the lymphoid organ has been 

characterized after bacterial or WSSV challenge, and was shown to have distinct expression profiles. After 

bacterial challenge FcToll expression was up-regulated whereas FcToll expression after WSSV stimulation 

was down regulated (Yang et al., 2008). More recently the function of LvToll was studied using an RNAi 

silencing approach to down regulate expression of LvToll, followed by WSSV or V. harveyi challenge. While 

there was a significant increase in mortality and bacterial CFU counts in LvToll silenced shrimp following V. 

harveyi challenge, there was no difference in mortality rates following WSSV challenge, suggesting that 

LvToll is an important factor in the shrimp innate immune response to acute V. harveyi infection, but not to 

WSSV (Han-Ching Wang et al., 2010). Similarly, PmToll was not found to be regulated during WSSV 

challenge of P. monodon (Arts et al., 2007). Collectively these results suggest that shrimp Tolls are 

involved in the innate immune response to bacterial, rather than viral infection and as such further studies 

elucidating the mechanism of action of Tolls will be of benefit in understanding the mechanism of bacterial 

pathogenesis of economically important aquatic species. 
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Table 2. Details of genes used for PmToll analysis. 

 

Species     Name   Accession Number 

 

Aedes aegypti    AaToll1   AAM97775 

     AaToll1b  AAM97776 

Anopheles gambiae   AgToll   AAL37901 

     AgToll6   AAL37902 

     AgToll9   AAL37903 

Apis mellifera    AmToll   XP_396158 

Bombyx mori    Bm18w   BAB85498 

Drosophila melanogaster   DmToll   AAQ64935 

     Dm18w   AAF57509 

     DmToll3   AAF54021 

     DmToll4   AAF52747 

     DmToll5   AAF86227 

     DmToll6   AAF49645 

     DmToll7   AAF57514 

     DmToll8   AAF49650 

     DmToll9   AAF51581 

Fenneropenaeus chinensis  FcToll   ABQ59330 

Litopenaeus vannamei   LvToll   ABK58729 

Manduca sexta    MsToll   ABO21763 

Marsupenaeus japonicus   MjToll   BAF99007 

     MjToll2   BAG68890 

Tribolium castaneum   TcToll   XP_967796 

Tachypleus tridentatus   TtToll   BAD12073 
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